Over the past few years, special attention has been paid to biomass valorization. The aim of this paper is to evaluate the effect of the phenolic rich extracts obtained from raw materials on the growth and development of lemon balm (Melissa officinalis L.). The extracts were obtained from the bark of spruce (Picea abies (L.) H. Karst) and beech (Fagus sylvatica L.) separated as waste product during wood processing. The growth and development of the plants was assessed by measuring elongation of vegetative organs, biomasses including root, stem, and leaf, and photosynthetic pigment content. In addition, the analysis of some histo-anatomic characteristics of the vegetative organs were made. Elongation biomasses and photosynthetic pigments concentration presented higher values in case of plants treated with beech bark phenolic extract compared to control plants. The spruce bark phenolic extract had a stimulatory effect on the germination but inhibited the growth and development of the plants. Both extracts increased the percentage of lignification in stems. These findings could contribute to the development of natural and eco-friendly substances that favor cultivation of lemon balm plants. Future research is needed in order to identify potential qualitative and quantitative changes in the essential oil of the aromatic plant treated with the tested solutions.
Introduction
Melissa officinalis L., which is also known as lemon balm, can be easily recognized due to its lemon scent. It is a perennial herbaceous plant belonging to the Lamiaceae family [1] . The cultivation of lemon balm requires a temperature between 15 • C and 35 • C, and 500 to 600 mm rainfall per year [2] . Like other plants from this family, lemon balm contains high concentrations of phenolic acids, which is mainly caffeic acid known as the principal compound in the synthesis of rosmarinic acid. These phenolic compounds contribute to the medicinal properties of lemon balm, which is associated to its antioxidant capacity [3] . The main active constituents of M. officinalis L. are volatile compounds (e.g., geranial, neral, citronellal, and geraniol), triterpenes (e.g., ursolic acid and oleanolic acid), and phenolics (e.g., caffeic acid derivates: luteolin, naringin, and hesperidin) [4] . Lemon balm herb (Melissae herba) and lemon balm leaves (Melissae folium) are the main parts of the plant used in phytotherapy as digestive antispasmodic and antiviral remedy [5] . M. officinalis L. has anti-inflammatory activity, which is used in traditional medicine to treat various diseases associated with inflammation and pain. Recent studies indicate the beneficial effects of the plant: anti-bacterial, spasmolytic, memory improvement, sedative, stress, and anxiety reductant [6] .
Materials and Methods

Materials
Spruce (Picea abies (L.) H. Karst) and beech (Fagus sylvatica L.) bark waste-products were obtained from a wood processing company (Vatra Dornei, Romania). Prior to extraction, the bark was air dried at room temperature (10.4% humidity) and milled in a GRINDOMIX GM 200 (Retsch, GmbH, Haan, Germany) mill up to a mean particle diameter of 0.6 mm. The biomass was directly used without any pre-treatments.
Extraction Method
Crude extracts were obtained by applying a conventional extraction method (batch water extraction). This method was chosen because it is the most economical. Since the extract was applied directly to the plant, water instead of alcohol was used as a solvent. The extraction was done using 10 g of spruce bark. The vegetal material was added in an Erlenmeyer flask by adding it over using 125 mL of distilled water. The mixture was heated up to 70-80 • C in a water bath, for 45 min. This process was repeated four times until fully spruce bark was exhausted (colorless extract). The extracts were put together in a 1000-mL volumetric flask and completed to volume with distilled water [18] . The same method was applied for beech bark extraction. For further investigation, aqueous extracts were used in four working solutions with different concentrations and polyphenolic contents.
Characterization of the Extracts
Spruce and beech bark aqueous extracts were analyzed previously in terms of total polyphenols and tannins [19] . The total polyphenolic content (TPC) was determined using the Folin-Ciocalteu method. Results were expressed as milligrams of gallic acid equivalents (GAE) per bark gram (mg GAE/g).
Working Protocol
The experiment was conducted in the greenhouse of the Botanical Garden at the University of Medicine, Pharmacy, Sciences and Technology from Târgu Mures , . The seeding was conducted in 20 vegetation vessels/variant, filled with peat soil in different experimental variants (C-control, SBPE 1-spruce bark polyphenolic extract at a concentration of 0.25 g bark/100 mL water, SBPE 2-spruce bark polyphenolic extract at a concentration of 0.5 g bark/100 mL water, BBPE 1-beech bark polyphenolic extract at a concentration of 0.25 g bark/100 mL water, BBPE 2-beech bark polyphenolic extract at a concentration of 0.5 g bark/100 mL water). Five seeds/vegetation vessels were sown, totaling 100 seeds/variant.
Right after seeding, each experimental variant was treated with 10 mL of specific aqueous extract and with 10 mL of water for the control sample. This process was repeated after one, two, and four weeks from the moment of seeding. Meanwhile we determined germination capacity. Two months after seeding, the quantity of photosynthetic pigments (chlorophyll a, chlorophyll b, and carotenes) was measured, repeating the process after a month. Three and a half months after sowing elongation and biomass accumulation have been determined.
Biological Tests on Lemon Balm Seeds
A series of tests were applied on Melissa officinalis plants, such as the determination of germination capacity for the seeds, respectively, biomass accumulation, vegetative organ's elongation (after their separation into roots, stems, and leaves), and photosynthetic pigments content as biometrical and physiological tests.
Germination counts were performed daily for 30 days. Mean daily germination was calculated by dividing cumulative germination percentage by the number of days in the test. Germination capacity (GC) was calculated as GC (%) = (Total germinated seeds + total un-germinated sound seeds/Total seeds tested) × 100 [20] . To evaluate the influence of polyphenolic extracts on plant growth and development, the lemon balm plants were separated into roots, stems, and leaves, which was followed by biometric measurements of plant elongation and quantitative determinations of biomass.
Determination of Photosynthetic Pigment Concentrations
For this part of the study, 0.1 g of fresh vegetal material was milled with quartz sand and extracted with acetone (80%). The results were recorded with the Analytik Jena Specord 210 Plus190 (UV/Vis)-1100 nm Spectrophotometer using synthetic quartz spectrophotometer cells (190-2500 nm, path length of 10 mm, and a volume of 1.75 mL). The following formulas [21] were used for the determination of carotenoid and chlorophyll contents at wavelengths of 470, 646, and 663 nm.
Chlorophyll a (µg/mL) = 12.21*A663 − 2.81*A646
(1)
Chlorophyll b (µg/mL) = 20.31*A646 − 5.03*A663
Carotenes (µg/mL) = (100*A470 − 3.27
Histo-Anatomical Analysis
Cross sections (five sections for every sample) through the vegetative organs (root, stem, and leaves) of the plants were made. The obtained sections were double stained using iodine green and ruthenium red [7] . The stained sections were analyzed with a Motic Microscope and photographed with a Nikon Coolpix L22 camera, Tokyo, Japan. Analysis of microscopic images was performed with ImageJ Image Processing and Analysis in Java Version 1.51j8 (National Institute of Mental Health, Bethesda, MD, USA).
Statistical Analysis
The statistical tests used were Kruskal-Wallis test for including a sample in a specific distribution and Mann-Whitney U test (non-parametric) for comparing two population means. The tests were applied in Past 2.17.
Results and Discussions
Extracts Characterization
The characteristics of polyphenolic extracts were summarized in a previous work [19] . The total phenolic content in the beech bark extract (determined by a classical method) was 36.66 mg GAE/g extract. Concerning spruce bark extract, the TPC value obtained was 113.56 mg GAE/g extract. Regarding tannin content, it was concluded that SBPE has 1.14% and BBPE has 1.47% [19] . The results showed that the beech bark extracts contained considerable quantities of aromatic compounds, such as (+)-catechin, (−)-epicatechin, quercetin-O-hexoside, taxifolin-O-hexosides, taxifolin-O-pentosides, B-type and C-type procyanidins, syringic acid, and coumaric acid-di-O-glycosides, coniferyl alcohol and sinapyl alcohol-glycosides, and (+) and (−) glucodistylin [11, 18, 19] . The compounds identified in spruce bark extract by HPLC were gallic acid (3.19 mg GAE/100 g), catechine (31 mg GAE/100 g), and vanillic acid (39.4 mg GAE/100 g) [13] .
Seed Germination
Applying the tested solutions on seeds' major differences were induced on the enzymatic level, which changed the germination capacity of the seeds. From Figure 1 , it can be observed that the seeds treated with both extracts had a higher germination capacity in comparison with the control samples. 
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Extracts Characterization
Seed Germination
Applying the tested solutions on seeds' major differences were induced on the enzymatic level, which changed the germination capacity of the seeds. From Figure 1 , it can be observed that the seeds treated with both extracts had a higher germination capacity in comparison with the control samples. Error bars represent the standard deviations of means. Ccontrol. SBPE 1-spruce bark polyphenolic extract at a concentration of 0.25 g bark/100 mL water. SBPE 2-spruce bark polyphenolic extract at a concentration of 0.5 g bark/100 mL water. BBPE 1-beech bark polyphenolic extract at a concentration of 0.25 g bark/100 mL water. BBPE 2-beech bark polyphenolic extract at a concentration of 0.5 g bark/100 mL water.
Growth and Development of the Vegetative Organs
Biomass Accumulation in Vegetative Organs
For biomass accumulation, different results were obtained in case of tested solutions ( Figure 2 ). Regarding the stem, spruce bark polyphenolic extract (SBPE) had a negative effect on biomasses, while beech bark polyphenolic extract (BBPE) increased biomasses. In case of roots, all the extracts presented an inhibitory action on biomass accumulation. Taking into account the leaves, plants treated with SBPE have shown a decrease in biomasses (28.8% for SBPE 1), while those treated with BBPE 1 had higher biomasses in comparison to the control samples (37% for BBPE 2). The most C-control. SBPE 1-spruce bark polyphenolic extract at a concentration of 0.25 g bark/100 mL water. SBPE 2-spruce bark polyphenolic extract at a concentration of 0.5 g bark/100 mL water. BBPE 1-beech bark polyphenolic extract at a concentration of 0.25 g bark/100 mL water. BBPE 2-beech bark polyphenolic extract at a concentration of 0.5 g bark/100 mL water.
Growth and Development of the Vegetative Organs
Biomass Accumulation in Vegetative Organs
For biomass accumulation, different results were obtained in case of tested solutions ( Figure 2 ). Regarding the stem, spruce bark polyphenolic extract (SBPE) had a negative effect on biomasses, while beech bark polyphenolic extract (BBPE) increased biomasses. In case of roots, all the extracts presented an inhibitory action on biomass accumulation. Taking into account the leaves, plants treated with SBPE have shown a decrease in biomasses (28.8% for SBPE 1), while those treated with BBPE 1 had higher biomasses in comparison to the control samples (37% for BBPE 2). The most significant increase was linked to BBPE 2 (p = 0.0041), which confirmed the bioregulator effect of beech extracts on leaf biomass. These findings are important because the leaves are the main vegetative organ from which the essential oil is extracted.
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Elongation of the Vegetative Organs
After three and a half months, the elongation of vegetative organs was measured ( Figure 3 ). In case of stem, SBPE shortened the length (22% for SBPE 2) of the stem. On the other hand, plants treated with BBPE had longer stems than control plants (25% for BBPE 2). Regarding the root extension, no significant differences were observed in comparation with the control samples. C-control. SBPE 1-spruce bark polyphenolic extract at a concentration of 0.25 g bark/100 mL water. SBPE 2-spruce bark polyphenolic extract at a concentration of 0.5 g bark/100 mL water. BBPE 1-beech bark polyphenolic extract at a concentration of 0.25 g bark/100 mL water. BBPE 2-beech bark polyphenolic extract at a concentration of 0.5 g bark/100 mL water.
After three and a half months, the elongation of vegetative organs was measured ( Figure 3 ). In case of stem, SBPE shortened the length (22% for SBPE 2) of the stem. On the other hand, plants treated with BBPE had longer stems than control plants (25% for BBPE 2). Regarding the root extension, no significant differences were observed in comparation with the control samples.
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After three and a half months, the elongation of vegetative organs was measured ( Figure 3 ). In case of stem, SBPE shortened the length (22% for SBPE 2) of the stem. On the other hand, plants treated with BBPE had longer stems than control plants (25% for BBPE 2). Regarding the root extension, no significant differences were observed in comparation with the control samples. C-control. SBPE 1-spruce bark polyphenolic extract at a concentration of 0.25 g bark/100 mL water. SBPE 2-spruce bark polyphenolic extract at a concentration of 0.5 g bark/100 mL water. BBPE 1-beech bark polyphenolic extract at a concentration of 0.25 g bark/100 mL water. BBPE 2-beech bark polyphenolic extract at a concentration of 0.5 g bark/100 mL water. Table 1 demonstrates the effect of tested solutions on the chlorophyll content of the lemon balm plants, including chlorophyll a, b, carotenoids, and total chlorophyll. At BBPE2, it shows a stimulation of the quantity of photosynthetic pigments. On the other hand, SBPE 2 shows an inhibitory effect, which has the lowest value when compared with other experimental variants. Thus, an increase with 73% in chlorophyll a, 84.9% rise in chlorophyll b, and a 139.4% increase in carotenoids for BBPE 2 was observed, which proves the BBPE 2 is the most efficient extract for the biosynthesis of photo-assimilatory pigments in the leaves. C-control. SBPE 1-spruce bark polyphenolic extract at a concentration of 0.25 g bark/100 mL water. SBPE 2-spruce bark polyphenolic extract at a concentration of 0.5 g bark/100 mL water. BBPE 1-beech bark polyphenolic extract at a concentration of 0.25 g bark/100 mL water. BBPE 2-beech bark polyphenolic extract at a concentration of 0.5 g bark/100 mL water. Different letters indicate significant differences (p ≤ 0.05, n = 3).
Photo-Assimilating Pigment Content in Lemon Balm Primary Leaves
Histo-Anatomical Aspects of the Lemon Balm
Internal Structure of the Root
Taking into consideration the internal structure of lemon balm's (M. officinalis L.) root (Figure 4a ), the rhizodermis exfoliates in the early stage of the development process. The cortex is separated into exoderma, cortical parenchyma, and endodermis. The vascular tissue's origin is mostly cambial and forms two concentric rings, which includes a very narrow phloem and a very thick xylem with a high level of lignification and many vessels.
Analyzing the internal structure of the roots, there are no significant differences between the samples. The only dissimilarity can be identified for BBPE 1 where the secondary xylem area is more developed compared with the control sample or other experimental samples (Table 2, Figure 4b ).
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Histo-Anatomical Aspects of the Lemon Balm
Internal Structure of the Root
Taking into consideration the internal structure of lemon balm's (M. officinalis L.) root (Figure  4a ), the rhizodermis exfoliates in the early stage of the development process. The cortex is separated into exoderma, cortical parenchyma, and endodermis. The vascular tissue's origin is mostly cambial and forms two concentric rings, which includes a very narrow phloem and a very thick xylem with a high level of lignification and many vessels.
Analyzing the internal structure of the roots, there are no significant differences between the samples. The only dissimilarity can be identified for BBPE 1 where the secondary xylem area is more developed compared with the control sample or other experimental samples (Table 2, Figure 4b ). SBPE 1-spruce bark polyphenolic extract at a concentration of 0.25 g bark/100 mL water, SBPE 2-spruce bark polyphenolic extract at a concentration of 0.5 g bark/100 mL water. BBPE 1-beech bark polyphenolic extract at a concentration of 0.25 g bark/100 mL water, BBPE 2-beech bark polyphenolic extract at a concentration of 0.5 g bark/100 mL water. Different letters indicate significant differences compared with the control (p ≤ 0.05, Mann-Whitney test).
Internal Structure of the Stem
The cross section is square shaped with four bulging ribs (Figure 5a ). The epidermis is single-layered covered with a thin cuticle. On the surface of the stem, there are widely spread sector and secretory hairs. The cortex is collenchymatic especially toward the ribs. The vascular system consists of four-eight vascular bundles, with those near the ribs being very large, of a mostly secondary structure. At the stem level, it was observed that BBPE 1 and SPBE 1 have produced a more intense lignification process, when compared with the control (p ≤ 0.05, Table 2 ). Hence, SBPE 1 stimulates the formation of sclerenchymatic fibers covering the vascular tissue. Furthermore, an enhancement of the collenchyma genesis was observed. The BBPE 1 induced a better development of the vascular bundles especially the xylem (Figure 5b, Table 2 ). Considering the other experimental variants (SBPE 1, SBPE 2, and BBPE 2), two small vascular bundles had an opposite disposition. This proved a better development of the vascular system in comparison with the control sample.
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The cross section is square shaped with four bulging ribs (Figure 5a ). The epidermis is singlelayered covered with a thin cuticle. On the surface of the stem, there are widely spread sector and secretory hairs. The cortex is collenchymatic especially toward the ribs. The vascular system consists of four-eight vascular bundles, with those near the ribs being very large, of a mostly secondary structure. At the stem level, it was observed that BBPE 1 and SPBE 1 have produced a more intense lignification process, when compared with the control (p ≤ 0.05, Table 2 ). Hence, SBPE 1 stimulates the formation of sclerenchymatic fibers covering the vascular tissue. Furthermore, an enhancement of the collenchyma genesis was observed. The BBPE 1 induced a better development of the vascular bundles especially the xylem (Figure 5b , Table 2 ). Considering the other experimental variants (SBPE 1, SBPE 2, and BBPE 2), two small vascular bundles had an opposite disposition. This proved a better development of the vascular system in comparison with the control sample. 
Internal Structure of the Leaves
In the cross section, the main rib is highlighted on the inferior surface and contains a single vascular bundle (Figure 6a,b) . The epidermal cells (from the upper and lower epidermis) are elongated tangentially, which is larger on the superior surface. The two types of hairs, which are tectorial and secretory (the latter containing a gland made out of single or multiple cells), had an irregular disposition. The mesophyll is split into palisade parenchyma and spongy tissue. Thus, the foliar blade has a bifacial hetero-facial structure. After examining the internal structure of the leaves, no significant differences were found in comparison with the control samples ( Table 2 ). The only difference that can be observed is the BBPE 1 (Figure 7a,b) , which is a less developed vascular bundle in the main string when compared to the control samples and to the other variants. Moreover, the lignification process is more intense such as in the stem.
In the cross section, the main rib is highlighted on the inferior surface and contains a single vascular bundle (Figure 6a,b) . The epidermal cells (from the upper and lower epidermis) are elongated tangentially, which is larger on the superior surface. The two types of hairs, which are tectorial and secretory (the latter containing a gland made out of single or multiple cells), had an irregular disposition. The mesophyll is split into palisade parenchyma and spongy tissue. Thus, the foliar blade has a bifacial hetero-facial structure. After examining the internal structure of the leaves, no significant differences were found in comparison with the control samples ( Table 2 ). The only difference that can be observed is the BBPE 1 (Figure 7a,b) , which is a less developed vascular bundle in the main string when compared to the control samples and to the other variants. Moreover, the lignification process is more intense such as in the stem. Previous studies provide information on the stimulatory or inhibitory role of the polyphenolic compounds regarding the germination process and biomass accumulation. The authors conclude that global extracts induce similar effects to auxins and cytokinins on plant growth [13, 15] . The results of this work confirm the previous findings. Thus, a higher number of grown plants for the variants treated with SBPE was observed. The final analysis shows a greater efficiency for the variants treated with BBPE in development except the roots, of which biomass and elongation were inhibited in the case of both extracts. BBPE is a good stimulant for photo-assimilating pigments, which correlates it to the quantity of chlorophyll a, b, and carotenoids obtained for Melissa officinalis' leaves. In the cross section, the main rib is highlighted on the inferior surface and contains a single vascular bundle (Figure 6a,b) . The epidermal cells (from the upper and lower epidermis) are elongated tangentially, which is larger on the superior surface. The two types of hairs, which are tectorial and secretory (the latter containing a gland made out of single or multiple cells), had an irregular disposition. The mesophyll is split into palisade parenchyma and spongy tissue. Thus, the foliar blade has a bifacial hetero-facial structure. After examining the internal structure of the leaves, no significant differences were found in comparison with the control samples ( Table 2 ). The only difference that can be observed is the BBPE 1 (Figure 7a,b) , which is a less developed vascular bundle in the main string when compared to the control samples and to the other variants. Moreover, the lignification process is more intense such as in the stem. Previous studies provide information on the stimulatory or inhibitory role of the polyphenolic compounds regarding the germination process and biomass accumulation. The authors conclude that global extracts induce similar effects to auxins and cytokinins on plant growth [13, 15] . The results of this work confirm the previous findings. Thus, a higher number of grown plants for the variants treated with SBPE was observed. The final analysis shows a greater efficiency for the variants treated with BBPE in development except the roots, of which biomass and elongation were inhibited in the case of both extracts. BBPE is a good stimulant for photo-assimilating pigments, which correlates it to the quantity of chlorophyll a, b, and carotenoids obtained for Melissa officinalis' leaves. Previous studies provide information on the stimulatory or inhibitory role of the polyphenolic compounds regarding the germination process and biomass accumulation. The authors conclude that global extracts induce similar effects to auxins and cytokinins on plant growth [13, 15] . The results of this work confirm the previous findings. Thus, a higher number of grown plants for the variants treated with SBPE was observed. The final analysis shows a greater efficiency for the variants treated with BBPE in development except the roots, of which biomass and elongation were inhibited in the case of both extracts. BBPE is a good stimulant for photo-assimilating pigments, which correlates it to the quantity of chlorophyll a, b, and carotenoids obtained for Melissa officinalis' leaves. At the stem level, beech and spruce extracts produced a more intense lignification process. It is known that the lignification process is associated with several consequences that occur in plants. They refer to the structural integrity of the cell wall, secondary growth of vascular tissues, strain and root resistance [22] , fungal resistance [23] , and prevention of autolytic cell wall degradation [24] .
Conclusions
To conclude, taking into account the results, spruce bark extract demonstrated great efficiency in the germination process. Beech bark extracts show a stimulation of the quantity of photosynthetic pigments and spruce bark extract shows an inhibitory effect.
At the internal structure, a better development of the secondary xylem area in root and vascular bundles (stem, leaf) of the plants treated with beech bark extract was observed. This was compared with the control sample or other experimental samples. On the other hand, spruce bark extract stimulates the formation of sclerenchymatic fibers covering the vascular tissue and it has been observed an enhancement of the collenchyma genesis.
This research can contribute to the ecological agriculture and stability of medicinal plant cultures. Beech and spruce bark aqueous extracts could be properly used as natural bioregulators in order to improve the efficiency and yield of lemon balm crops.
Further studies will take into account the enhancement of the quantity and quality of the active compounds with pharmaceutical use using the lemon balm plants with the beech bark extracts. Moreover, studies regarding the effect of the tannins from the studied extracts on different medicinal plants could be conducted in order to increase their efficiency. 
